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[571 ABSTRACT 
The method of refining, or growing, bulk single crystals 
in which the base material is suspended, positioned, and 
shaped as a containerless melt by wetting forces in an 
environment substantially free of gravity. 
2 Claims, 1 Drawing Figure 
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METHOD OF CRYSTALLIZATION BRIEF DESCRIPTION OF THE DRAWING 
The single drawing is a schematic illustration of an 
apparatus employed in performjng the invention. ORIGIN OF THE INVENTION 
The invention described herein was made in the per- S 
fonnance of work under a NASA contract and is sub- OF THE 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 stat. 435; USC 2457). 
Referring to the drawing, a block of graphite 10, a 
crucible or other like-crucible material, would support a 
seed crystal in the form of rod 12, being, for example, of 
10 BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a method of containerless 
crystallization of materials. 
2. General Description of the Prior Art 
It is known that polycrystalline fusable materials, 
such as semi-conductor materials of indium, antimony, 
germanium, or silicon, can be zone refined by vertically 
supporting an elongated body of the material in a cham- 
ber, spacing it from the inner wall of the chamber. The 20 
material is heated, establishing a molten zone which 
extends through the cross section of the body and over 
a small fraction of the length of the body. The zone is 
held in a stable p i t i on  by forces of surface tension, 
causing the zone to traverse lengthwise at least a por- 25 
tion of the body by progressively melting along its 
length, and, finally, enabling one interface of the zone to 
progressively freeze. As presently practiced, the diffi- 
culty with this technique is that it is limited in applica- 
tion to the formation of molten zones having small 30 
cross-sectional areas. For example, if the molten zone 
cross-sectional area of a silicon rod is increased beyond 
about one centimeter, the zone becomes unstable. In 
order to solve this problem, various efforts have been 
made to support the molten zone by containerless tech- 35 
niques, principally by electromagnetic suspension. 
However, the difXculty remains of growth of crystals of 
a desired maximum size, it appearing that previous tech- 
niques have been unable to produce pure crystalline 
growth of a crm section greater than three inches per 40 
flow zone refined silicon. 
Accordingly, it is the object of this invention to pro- 
vide an improved method of crystal growth which 
enables the production of bulk crystalline materials of 
cross sections in excess of 50 inches, and typically on 45 
the order of 40 inches, depending on gravity levels and 
density of materials. 
SUMMARY OF THE INVENTION 
free environment is employed, such as that created by 
an earth-orbiting space vehicle; and in this environment 
there is provided a d e d  enclosure having a desired, 
conventional atmosphere for crystal growth. A rod of 
15 
In accordance with the present invention, a gravity- 50 
indium, antimony, or silicon. Rod 12 extends into sealed 
container 14 positioned in an essentially gravity-free 
environment 16. Container 14 is sealed to heat sink 10 
by seal 17 and is charged with a desired gaseous envi- 
ronment, such as by introduction of a reducing environ- 
ment like hydrogen through inlet 18 and outlet 20 at a 
pressure of 10-satmospheres. Heat is applied to rod 12 
by means of heat generator 22, which may be a radio 
frequency radiant heater or a device for electron bom- 
bardment or solar heating. Additionally, heat exchanger 
24 is positioned to selectively transfer heat to or from 
rod 12 via heat sink 10 and, typically, would consist of 
a liquid flow heat exchange system employing addi- 
tional heat exchanger 26 which would supply, selec- 
tively, hot or cold liquid flow to heat exchanger 24. 
To further control, directionally and regionally, the 
application and removal of heat, selectively movable 
reflectors 28 are positioned within container 14. Tem- 
perature sensors 30 are positioned and spaced in con- 
tainer 14 and provide an input to a conventional temper- 
ature monitor 32 which incorporates a display or other 
form of temperature indication. Temperature monitor 
32 selectively indicates the temperature at any one of 
the sensor locations. The magnitude of heat radiation of 
heat generator 22 is controlled by heat monitor and 
control 34. 
Rod 12 is positioned as illustrated in solid lines within 
container 14 and a selected gaseous environment ap- 
plied through inlet 18 and outlet 20 by gas source 36. 
Thereafter, heat is applied to rod 12, selectively, 
through heat exchanger 24 to supported end 38 of rod 
12 and/or by heat source 22 to the opposite end region 
of rod 12. Reflectors 28 are positioned as desired to 
provide a desired concentration or shaped heat-up pat- 
tern in rod 12. The shape of this heat build-up is, of 
course, observable on temperature monitor 32. Rod 12 
is thus melted while observing both longitudinal and 
radial temperature gradients, with melting generally 
occurring in a pattern which may be described as radi- 
ally inward. The containerless melt flows to the config- 
uration shown by dashed line 40 and is effectively con- 
tained, suspended, and positioned solely by surface 
tension, cohesion, and adhesion at the upper end to the 
crystalline seed, which is supported by graphite base 10. 
the material to be crystallized would be mounted at one 
end in a heat sink and otherwise extended into the en- 
closure. Heat is then selectively directed, such as by 
electromagnetic induction, to the rod, causing the end 
of the rod to melt, progressively along its length. When 
a selected length of melt has occurred, the heat is re- 
moved, or decreased, causing the solidification of the 
melt to occur, typically the solidification commencing 
with the interface between the solid portion of the rod 
and the melt and then continuing outward into the melt. 
The result is that larger, more perfect, and uncontam- 
inated bulk crystals can be grown than heretofore. 
Since no crucible is required, high temperature refrac- 
tory materials can be processed. 
_ _  - 
55 This method produces a mek which is essentially rota- 
tionally symmetrical with respect to the main axis of 
heat flow, which heat flow is generally along the axis of 
the rod. If additional shaping of the melt is desired, 
known forms of wetting, electrical, or electromagnetic 
60 forces can be incorporated. While the substance of rod 
12 has been described as germanium, silicon, or indium, 
it is to be appreciated that the method of this invention 
may be practiced with all materials which are assessible 
in a molten state independent of chemical activity, 
65 vapor pressure, melting temperature, or phase transi- 
tion. The invention eliminates the necessity of magnetic 
positioning of fields to hold a melt in a desired molten 
shape, and, most importantly, provides means of pro- 
3 
4,O46,6 17 
ducing much larger single bulk crystals, being on the 
order of 40 inches. or even larger. 
What is claimed is: 
1. A method of crystallization of a rod of material 
fwb ly  supporting one end of the rod within a heat 
sink and otherwise extending the rod into a d e d  
enckosre, said enclosure being positioned in a sub- 
stantially gravity-free environment, and said heat 10 
sink having surfaces outside of said enclosure; 
the interior of said enclosure containii a  elected 
atmosphere; 
directing heat onto M end region of said rod opposite 15 
the end region at which it is supported, whereby it 
is melted; 
oomprising: 
20 
25 
30 
35 
4 
monitoring the temperature of selected regions of said 
rod and controlling the application of heat to said 
rod; 
selectively reducing the application of heat, whereby 
heat to said rod flows to said heat sink, and solidifi- 
cation of the melted rod occurs progressively, mov- 
ing radially outwardly and longitudinally in a direc- 
tion away from the supported end of said rod; and 
selectively transferring heat between said heat sink 
and a separate body, said separate body being exter- 
nal to said enclosure. 
2. A method of crystallization as set forth in claim 1 
wherein a portion of heat which has been applied to said 
rod radiates from said rod and is selectively reflected 
back on said rod, whereby cooling and solidification of 
said rod is directionally controlled. + * * * +  
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